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;  SPECIFICITY  OF  BIOLOGICAL  METABOLISM  j 

I 

j 

f Following  ie  the  translation  of  an  article  j 

by  V*  A.  Engel  » gardt  entitled  "dpeteii-iehnost  J 

biologicheskogo  ©braena  veshehestv"  (English 
version  shore)  in  "Voptosy  filosofii"  (Proh- 
loas  in  philosophy) >  So,. 7 ,  1980,  Moscow,, 
pages,  113*»i  28. }  j 

\  . 

Chemistry  plays  a  leading  role  in  the  study 

of 'the  specific  features  of  metabolism.  In  order  to  clarify  j 

( 

the  specificity  of  metabolism,  let  us  first  examine  the  j 

| 

attributes  of  life*  -  j 

Tk®BB  attributes  are  extremely  varied*  j 

1 

They  include  the  specifics  of  the  chemical  composition  of  j 

J 

living  matter,  the  specifics  of  nature  and  of  the  most  impor-  j 
tast  properties  of  chemical  materials,  that  enter  into  the  | 

structure  of  living  organisms,  including  primarily  the  asst  j 

i 

important  biological  polymers  -  albumens ,  nuclein! c  acids 
and  polysaccharides. 

Together  with  this  unique  chemical  compo- 


sition  *  that  may  be  characterised  as  chemical  statics* 

is  the  unique  nature  of  the  chemical  ionyeifsiottii 
that  in  their  totality  constitute  what  we  call  metabolism. 
The  inalienable  property  of  all  living  matter  is  its  ability 
of  autoreprodueiion,  to  reproduce  its  likeness*  The  proper¬ 
ty  of  excitation  or  stimulation  may  he  observed  in  different 
degrees  of  perfection  and  complexity  throughout  the  entire 
period  of  existence  of  a  living  world*  It  is  precisely  on 


i 

\ 


i 

i 


i 

I 


that  property  that  th©  entire  complexity  of  the  relationships 
b&tiraea  am  ©rg&aiam  ami  the  medium  rests*  The  ability  to 

i 

{ 

move  is*  as  a  rale*  to  a  greater  or  lesser  extent  an  j 


attribute  of  living  sat  ter. 

The  nature  of  any  living  object*  he  it  the  most 

1 

primitive*  is  so  perfect#  and  the  principle  of  wholeness 

I 

that  ties  together  the  listed  attributes  in  an  indivisible 

any  attempt  j 

unity*  is  so  fully  expressed*  that/ to  establish  some  kind  j 

of  hierarchy  among  these  attributes  and  determine  their  j 

I 

» 

interdependence »  to  decide  what  is  more  important*  or  primary*  j 

j 

and  what  is  secondary*  subordinate  or  duplicated  is  very  j 

j 

difficult  and*  in  principle  even  disputable. 

But  clearly  admitting  the  difficulty  and 


questionable  nature  of  the  establishment  of  snob  an  hierar¬ 


chy,  we  nevertheless  have  reason  to  believe,  that  to  a 
certain  degree  this  can.  he  done. 


It  seems  to  us  that  two  of  the  attributes  listed  | 

Aera  are  basic  and  primary:  the  specificity  of  the 

.itiou  of  living  things  and  the  unique  nature  of  ehesicai  j 

aversions,  the  specificity  of  metabolism. 

What  is  it  that  gives  us  a  basis  for  believe ing 

that  bhese  are  the  most  important  attributes,  that  they 
are  primary?  This  may  be  done  on  the  basis  that  all  otfter 
properties  of  living  matter*  no  matter  how  important  and 
inalienable  they  may  be*  derive  to  seme  extent  from  the 

two  primary  properties  mentioned  above. 

;  The  following  proposition  is  perfectly  ©b 

vioua  and  probably  does  not  need  to  be  argued:  any  propor- 
tl«  of  living  organisms  in  the  final  analysis  are  a  M*e- 
Um  of  that  materialistic  substrate  of  ^ich  the  living 
substance  is  made.  The  scientific  forecast  of  *»*•*■  is 
amazing  in  that  it  permitted  him  almost  one  humdred  years 
ago* 'during  a  period  of  infancy  in  our  knowledge  of  the 
ebemistry  of  living  things*  to  characterise  albumens  with 
unusual  perspicacity  as  being  the  prime  base  of  all  living 
matter.  The  question  of  the  specifics  of  the  materialistic 
substra#  of  living  organisms  is  so  clear  and  indisputable , 

that  it  may  be  taken  as  an  axiom  or  a  pos vulat~ 

Concerning  the  place  of  metabolism  m  the  hierar 

chy  0f  the  attributes  of  living  matter,  a  few 


said*  In  Engels1  definition,  that  has  just  been  giwB., 

as  dfcci  atw  a  pooi  tion  is  gi'V’en  to  jnet&bol  x^ia  to  &1  hu— 

mens.  In  the  days  of  Engels,  knowledge  of  the  character  of 

3B.e tahoi is®  processes  w&s  extre&ely  poor,  and  science  s  ?>ill 

knenf  nothing  def#lnite  about  the  degree  to  which  the  Beta- 

|  hoi  xss&s  process  i.s  i  imced  to  t/oe  ifianif  estis&txon  oi  organic 
I 

functions,  of  the  orient  to  which  metabolic  reactions  arc 
linked  to  the  aaft i f e stations  of  liTifeg  actiTi x$ %  \  to  fciiese 
0j  other  organic  functions,  and  of  the  degree  to  which 
netaholisn’s  reactions  are  a  primary  and  motive  force  of 

! 

i  the  properties  that  characterize  living  beings*  It  i»  natu¬ 
ral?  tke?efi»rei  that  Engels  limited  hiaself  in  his  character!' 
action  of  the  biological-  role  of  metabolism  fcjt  to  its  signi- 

! 

ficance  in  sustaining  the  normal  unstable  material  base 
|  ef  living  organisms,  i*e*  of  the  albumen  m  their  -proto¬ 
plasm..  tie  stressed  the  need  of  continuous  metabolism  for 
the  preservation  of  biologically  important  properties* 

The  decades  that  have  passed  since  that  time 
have  brought  a  great  enrichment  and  a  broadening  of  our  cop- 

I  cepts  of  the  metabolism  processes  themselves*  and  of  tueir 
|  the 

f  role  as  a  source  of/motive  force,  the  primary  base  of  all 
|  of  life’s  functions  without  exception,  of  all  manifestations 


of  living  activity. 


Growth,  reproduction,  moveabili.ty*  excltaM- 


4 


lity,  the  property  of  being  able  to  react  to  outside  changes,  j 

all  these  are  properties  of  living  matter »  and,  in  the  final  j 
analysis,  are  linked  to  definite  chemical  conversions,  lacking  j 
which  not  a  single  one  of  these  manifestations  of  life  could  j 

j 

he  accomplished.  It  is  perfectly  clear  that  the  connection  j 

J 

&B.d  *th0  iTiMiif ftsi&tiosi  of  lif©  i®  of  fc^n  j 

S 

exercised  through  tho  ssfeditus  of  pax'fcicxp&'fcixMJ  Bxssro**  j 

\ 

macros trueture  of  the  physical  organisation  of  the  living  j 

object,  sajagBir  the  participation  of  electric  phenomena,  etc.  | 


But  the  basis,  the  foundation  is  always  the  same:  the  primary 
factors  are  strict  and  well  defined  metabolism  processes, 
that  proceed  in  an  orderly  fashion,  and  are  usually  coordi¬ 
nated  la  a  multitude  of  extremely  complex  stages. 

Pros  this  it  follows  necessarily  that  a  know¬ 
ledge  of  the  nature  and  substance  of  these  secondary  attri- 


| 

i 


{ 


bates  of  life  mentioned  above  is  impossible^ without  a  detailed  s 


study  of  the  biochemical  reactions,  i.e.  the  processes  of 
metabolism. 

This  is  what  prompted  us  to  place  these  pro¬ 
cesses  in  the  forefront  of  the  hierarchy  of  life1 a  attri¬ 
bute  s » 

It  should  1>3  said  that,  if  we  can  now  draw  such  a 
conclusion  based  on  concrete  facts ,  thnn  great  minds  in 
the  realm  of  natural  science® »  our  scientific  leaders 


have  understood  and  have  formulated  the  role  of  chemistry, 

in  an  under-standing  of  the  living  world  centuries  or  ft  half 
a  century  before  factual,  experimental  material  was  available 
that  today  daily  and  hourly  confirms  these  thoughts  of  ours. 
Almost '200  years  ago,  in  1785*  the  great 
Lavoisier,  the  creator  of  quantitative  chemistry,  found  that 
in  burning  matter  in  a  .laboratory  and  in  its  processing 
in  the  course  of  the  breathing  process,  the  organism  absorbs 
the  same  amount  of  oxygen,  as  much  energy  is  generated  in 
the  for®  of  heat  and.  the  same  amounts  of  tho  same  final 
products  are*  created*  And  he  formulated  his  conclusion  in 
a  monumental  formj  "Life  is  a  chemical  function* * 

The  chemist  Pasteur  destroyed  the  myth  of 
spontaneous  conception*  This  is  his  greatest  service  to 
natural  science.  As  a  matter  of  curiosity,  he  simultaneously 
pushed  unstable  investigators  into  the  beg  of  another  idea¬ 
listic  concept  —  that  of  the  necessity  to  acknowledge  the 
initial  creative  act*  To  refute  this  distortion  it  became 
Recessary  to  disseminate  the  correct  materialistic  understan¬ 
ding  ©f  the  world.  In  the  special  chemical  work  of  Pasteur 
we  find  a  solution  to  a  series  of  fundamental  problems  that 
confronted  biological  science  in  those  days. 

A  half  a  century  ago,  at  &  time  when  as 
yet  virtually  nothing  was  known  about  chemical  reactions 


ia  the  wm,  the  great  biologist  X*>*  FstIot  wrote: 


*Oaly 


&  steely  of  i*ke  ck^isiicfel^phTs x$&&  pifoosss 


that'  occurs  its  the  nerve  structure  will  furnish  us  with  the 
real  theory  of  nervous  phenomena.  The  phases  oi  these 
processes  will  give  ua  an  explanation  of  all  the  external 
ffiaaife stations  of  nervous  activity*  of  their  sequence  m,A 
their  ties* *  (Complete  Works*  vol»III»  1948*  pag®  3*hj* 

I  xu  0Moth^T  pl&c®  Pavlov  said  tkaij  tho  j&a.'ty.TP ® 

of  stimulation  and  inhibition  of  the  nervous  system  ani  its 
mechanism  "again  approaching  the  final  answer*  will  be 
exposed  by  chemistry  and,  finally*  by  physics'5*  (ibid!, 
page  503).  And  in  one  of  his  speeches  he  formulated  the 
concept  "life*  in  the  following  manner*  "Life  is  a  complex 
chemical  process"  (Complete  Works,  vel.V,  1949*  page  8©)* 

Thus,  the.  statements  of  the  viewpoints  of  two  great  natu- 
;  ral  scientists  coincide .literally  word  for  word.  These 

1  general  remarks  on  the  subject  of  the  meaning  of  separate 

attributes  of  life*  of  their  mutual  subordination,  were  netsea- 

aary  t©  define  the  place  of  metabolism  phenomena  ia  the 
s 

J  overall  complex  of  phenomena  characterizing  living  matter* 

|  Passing  te  the  basic-  problems  of  our  thesis*  wo 

must  first  stress  that  the  very  originality  of  living 
objects*  that  differentiates  them  fro®  inanimate  objects* 
i  naturally  permits  the  expectation  of  original  unrepeated 


\ 


asJ  xmobaerv&fele  peculiarities  in  th©  is  animat©  world,  in 
chemical  reactions  that  make  up  metabolism.  It  is  thee© 
peculiarities. that  we  will  talk  about* 

fhe  entire  metabolism  process  as  a  whole. 


viewed,  in  certain  aggregates  as  well  as  in  its  numerous 
individual  links  that  make  np  these  aggregates,  constitutes 
the  most  profound*  convincing  and  unanswerable  confirmation 
of  the  deepest  penetration  of  the  basic  principle  of  dia¬ 
lectics,  ef *  t  would  say,  its  first  postulate  (similar  to  the 
first  postulate  of  thermodynamics),  of  that  which  Lenin 
character! sod  as  the  nucleus  of  dialectics  —  the  concept 

of  a  phenomenon  as  the  unity  of  opposites.  This  is  ex- 

increasingly  clear 

praeseft  in  the  meet  eoi&plete  maimer  is*  ihe/tmiiy#  in  tae 
unbreakable  inner  link  and  ultimate  mutual  penetrability 
and  dependability  of  two  great  seemingly  opposite  channels 
of  metabolism  -  assimilation  and  dissimilation.  We  are  not 
now  examining  them  as  opposing  and  independent  phenomena. 
We  are  first  of  all  aaased  at  their  close • inner  ties  aad 
at  their  mutual  interdependence. 

At  the  recent  broad  discussion  of  the  most 
promising  lines  of  dove 1 opment  of  biochemical  sciences  iu 
the  next  one  or  two  decades,  S.  E.  Severin  very  properly 
stressed  three  aspects  of  a  bieehemieal  approach  to  the 
fundamental  problems  of  living  matter*  He  expressed  a  sort  el 


8 


f 


triad*  materialistic  substrate,  power  and  regulation  of 
processes  of  metabolism.  The  balance  of  this  article  will 
be  devoted  precisely  to  ibis  latter  aspect,  which  up  to 
the  present  time  has  not  received  the  attention  that  it 


des$rv$g* 


The  problem  of  the  materialistic  substrate. 


:  of  course ,  baa  its  own. specifies  «  predominance  of  polymers, 

.albumens  and  nucleinio  aside*  The  power  of  living  objects 
j  likewise  is  characterized  by  peculiar,  specific  traits, 
j  those  include ,  first  of  all,  the  quantizing  of  this  power, 

|  i.e.  its  accumulation  and  release  in  specific,  discrete 

|  portions,  followed  by  its  transformation  into  a  single,  gene- 

1  ral,  universal  power  fund  in  the  form  of.  energy-rich 

macroerg  phosphate  bends.  It  fellows  that  a  specificity, 
of  course,  exists  here*  But  it  is  neces»aiy  to  s vicss 
mainly  the  third  point,  that  places  its  specific 
!  mark  on  the  chemical  nature  of  living  things,  these 

are  the  regulatory  mechanisms,  the  manifestation  of  the 
regulation  and  autoregulatien  principle  in  separate  metabo- 

Jim.  JMT©  045  0  S  £*  0  %Xk  tii©  Xl?  t  O  t  *> 

First*  it  would  be  useful*  ho©T©r*  to  saj  ** 

1 

1  few  words  about  the  means  of  exposing  the  fundamental  aspects 
1  of  metabolism  processes,  on  the  one  hand,  and.  to  dwell 
|  again  on  the  unity  and  multiplicity  of  laws  and  phenomena 


of  the  living  world  is  their  chemical  aspect#  on  the  ether* 
The  manner  in  which  the  special  charaeverts tics 
of  metabolism  are  studied#  basically#  of  course#  cannot 
differ  fro®  the  general  manner  of  learning  to  understand 
nature-  and  the 'lavs  of  nature*  This 'manner  baa  been  defined 
with  final  precision,  in  a  laconical  and  monumental  form 
hy  Lenin:  "From  a  living  observation  to  abstract  th taxing * 
a.M  from  there  to  actual  practice  -  such  is  the  .dialectic 
read  to  the  understanding  of  truth,  of  objective  reality", 
ft  is  the  read  of  "joining  analysis  and  synthesis  -  the 
examination  ef  separate  parts  and  of  the  totality#  the 
joint  summation  of  these  parts. "  It  is,  finally i  the  road 
of  wi>w  infinite  process  of  deepening  of  ®an*s  understanding 
of  things i  phenomena,  processes#  etc.*  the  read  from 
phenomena  to  actuality#  and  from  a  shallow  actuality  to 
&  deeper#  more  generalised  actuality.*  Fully  in  conformity 
with  this  general  outline  of  the  development  of  our  know¬ 
ledge,  the  study  of  metabolism  proceeds  from  observation 
to  the  creation  of  certain  working  hypotheses,  to  abstract 
thought#  and,  from  it#  to  experiment,  to  actual  practice. 

One  ef  the  main  f entires  of  this  experiment 
in  the  area  that  interests  us*  one  of  the  main  problems 
that  a  scientist  poses  for  himself,  is  the  separation  of 
phenomena  studied  by  observation,  the  breaking  up  of  comp- 


10 


laxities  ini®  their  component  peris. 

This  principle  of  study  has  placed  its  most 

typical  mark  on  the  entire  course  of  the  dvelopsent  of  cur 
knowledge  with  respect  to  the  metabolism  process.  Boxing 
the  last  decades  the  greatest  successes  hare  been  attained 
along  this  course#  and  we  have  the  right  to  a  ay  that  tab 
dynamic  biochemistry  of  our  times  has  developed  under  tnis 
aej?i3o  processes  that  formerly  were  accepted  as  the  results 
of  a  simple,  single-stage ' reaction,  were  found  to  be  divi¬ 
sible  step  by  step,  into  an  ever  growing  number  of  component 


p&rtte* 

Pally  analogous  to  what  we  see  in  the  realm  of 
study  of  the  atomic  nulcus,  we  may  say  that  we  see  before 
ug  s.  clear  manifestation  of  the  infinity  of  the  number  of 
natural  phenomena,  the  appearance  of  ever  newer  problems 
that  must  be  resolved  as  we  overcome  eaeh  of  the  barriers 
erected  ©a  our  w&y* 

It  will  be  sufficient  to  cite  some  brief 
examples.  Thus*  the  synthesis  of  urea,  first  formulated  as 
a  simple  dehydration  reaction  of  ammonium  carbonate,  now 
appears  to  be  the  result  of  about  ten  strictly  coordi- 
nated  reactions* 

The  & &J&.B  is  tX'UB  of  tlie  d&t i ©ss.  ©£ 

; 

I  where,  in  the  place  of  a  detonating  gas  reaction,  i.e. 


li 


i 


hydrogen  oxidation#  a  lengthy  chain  of  reactions  was  j 

discovered,  with  dozens  of  links  and  a  large  number  of 

j 

distinct  ferments*  j 

I 

This  decomposition  of  complexities*  of  eqnili-  : 

i 

briusi  reactions  into  components^  is  one  of  the  typing  fee,"5  •. 

tares  of  the  dvelopmont  of  biochemical  knowledge*  It  is  | 

the  road  from  one  reality  to  another  deeper  on©* 

It  should  be  stressed  that  one  of  the  very  typi™ 


cal  and  specific  features  of  metabolism  is  that  which,  may  ■ 
be  designated  as  a  manifestation  of  unity  in  multiplicity, 
of  similarity  in  diversity*  This  is  manifested  in  the  fact 
that  over  the  entire  breadth  of  the  living  world,  from 
bacteria  to  the  most  highly  complex  tissue  of  the  most 
highly  developed  organism,  we  encounter  biochemical  reactions 
not-  only  similar  in  appearance,  by  their  final  effects* 
for  example,  but  absolutely  identical  is  all  details  of 


[ 

i 

! 

i 

i 

j 


i 

t 

? 


multistage  mechanises*  in  the  sequence  of  the  same  reactions*  ! 

*  "f  j  i 

i 

Especially  surprising  is  not  only  the  exis*  j 


tone*  of  the  same  substahces#  adenooin  t ri-phos*  -| 

phorie  acid,  for  example *  (ATF ) ,  that  we  encounter  tnroughout  j 
the  living  world  as  a  universal  link  of  cellular  power,  but 
especially  the  preservation,  throughout  the  ladder  of  eve** 

|  lotion  of  strictly  coordinated  processes,  that  are  at  tbs 
j  base  of  the  ©ost  important  manifestations  of  metabolism* 


12 


™JL 


jo  a,  Blewbe *  as  well  as  in  a  plant  leaf  b.u&  in  the  human 
brain  m!1  th6  puoeeiss  of  aaerohis  disictegrasisfi  ®A 
occorB  in  &n  absolutely  identical  fashion  -  hy  fermentation 


or  glueelyais*  The  sane  reaction  sequence,  the  same  order¬ 
ly  procedures  and  their  connection  are  preserved  along  the 
entire  boundless  course  of  evolution.  The  same  is  true  of 
the  breathing  of  a  cell*  Here  toe  identical  mechanisms  with 


a.  varied  and  numerous  collection  of  catalyses  **  fXav*nxt» 
pvridine  and  henisic  ferments  —  function  in  the  entire 

diversity  of  living  things* 

It  is  perfectly  evident  that  having  once  app 
peered,  these  tnchssi*®*  are  preserved  throughout  the 
mil lions  of  years  of  the  evolutionary  process.  This  illus¬ 
trates  the  remarkable  perfection  of  a  principle;,  once  it  ha® 
been  developed,  its  unusual  durability.  This  is  especially 
surprising  when  we  compare  the  stability  of  chemical  cataxy-t 


with  the  infinite  variation  of  living  organisms. 
While  there  are  external  changes ,  the  inner  essence,  in 


tuxny  of  its  basic  components  is  found  to  be  virtually 
identical.  To  think  onjry,  how  many  changes  in  fora  of  the 
totality  of  physiological  functions  have  taken  place  in 
organisms  from  the  initial  unicellular  organism  to  man I 
And  throughout  this  infinitely  long  chain  of  the  deepest 
changes,  the  basic,  fundamental  psbcesses  of  metabolism 


IS 


jb.&Y£?  been  preserved  and  carried  by  the  living  world#  Tht s 

fact  witnesses  its  unity* 

We  set  here  an  unusual  and  profoundly  signi** 
f leant  instance  in.  principle*  of  the  contrast  between  wn&t 
m  might  tew  the  unlimited  changeability  and  diversity 
#f  living  forms*  on.  the  one  hand*  and  the  amassing  Constance 
and  similarity  and  unchanging  ».ate«  of  that  whicfe  might  he 
riewed  as  "content**  i»e*  the  predominant  portion  of  the 
most  important  basic  processes  of  metabolism*  such  a® 
breathing*  f ermentation*  albumen  synthesis*  obviously  right 
up  to  phenomena  of  a  higher  ®Sdsr#  above  the?  mol  sob,  lax  order 
for  example  *  the  mechanics  of  registration  of  gene tr os 
informa tlon  and  ethers*  on  the  other*' 

In  the  midst  of  this  unity  ®£  diversity, 
tre  are  struck  by  the  coursing  throughout  the  evolution*  frots 
limit  of  the  evolutionary  order  to  the  other*  not  only 
of  a  similar  eel lection  of  c&talys to  *  that  perform  import 
taut  functions  1b.  metabolism*  but  of  the  preservation  along 
this  entire  course  of  complex  cyclical  means  of  accomplish*" 
nm. t  of  certain  basically  important  processes  of  metabolism* 
It  is  precisely  this  principle  of  the  cyclical  course  of  a 
series  of  most  important  conversions  that  constitutes 
one  of  the  most  important  features  of  the  specifics  of 
metabolism  reactions#  Each  separate  link  here  does  not 


differ  from  the  ttsuftl  everyday  ch&mical  reaction*  But 

a  chain  of 

tkes$  aesaistfi  reactions  nr®  found  to  bo  lEoluocd  in/ 


extremely  complex  reactions*  Here  , the  complete  fusion  of 
two  antagonistic  and,  seemingly  mutually  exclusive  factors, 
that  are  mutually  penetrating*  appears  with  remarkable 


clarity  -  the  catalyst  and  the  substrate* 

Actually*  the  results  of  the  actions  of  the 
catalyst  arc  to  provoke  a  change  in  the  substrate*  that 
is  proceeding  in  a  certain  direction.  One  might  say  that 
the  catalyst  leads  to  the  di appearance  of  of  the  substra¬ 
te,  Aud  -  what  actually  occurs  in  the  case  of  the  circular 
cyclical  processes  of  metabolism  processes  that  we  jus® 
mentioned?  The  so-called  Krebs  cycle  of  tricarbon  acids 


may  serve  as  a  typical  protoyp*  of  metabolism. 

This  cycle  becomes  reduced  to  the  fact  that 
the  substrate  (an  acetate  molecule)#  that  is  the  product 
of  foog  disintegration,  basically  of  fata  or  hydrocarbons, 
becomes  united  with  one  of  the  components  of  the  mitistfge 
catalytic  cycle ,  and,  An  as  part  of  this  cycle,  undergoes 
changes.  In  the  final  analysis  the  acetate  burns  up,  as  a  re 


suit  of  which  two  molecules  -  carbonic  acid  and  water 


-  appear.  One  might  believe  that ' the  substrate  temporarily 
joins  in  the  catalytic  cycle  and  becomes  subject  to  these 
irreversible  conversions  into  finished  products.  Actually, 


however (  t-hat  is  nor  s©«  Actually  only  ©a®  of  the  two 

carbonic  acid  molecules,  cones  from  the  acetate  molecule 
(this  may  be  verified  by  means  of  tbe  isotope  method),  the 


ether  comes  from  Its  molecule  of  one  of  the  intermediate 
links  of  the  cycle,  i.e.  from  the  catalyst  itself*  As  this 
catalytic  cycle  is  completed,  it  is  found  that  one  of  the 
carbons  of  the  substrate  enetered  into  its  composition,  the 
substrate  that  became  disintegrated  in  the  preceding  stags* 

W«  may  say  that  at  this  moment  the  cycle  is 
the  same  as  previously,  but  is  .no  longer  the  same  cycle* 

It  is  the  same  and  net  the  same,  because  it  changed,  it 
absorbed  material  from  the  substrate*  Thus,  a  substrate  mo¬ 
lecule  become#  a  structural,  a  chemical  component  of  the 
catalytlv  mechanism  itself*  Therefore,  to  a  certain  extent, 
there  occurs  here  a  fusion  cf  the  concepts  of  substrate 
aad  eatalyst*  We  could  hardly  expect  even,  a  distantly 
similar  type  of  chemical  ot  catalytic  mechanisms  to  exist 
is  the  inanimate  world*  We  have  to  see  in  this  particular 
' example,  an  important  prototype  ef  processes  specifically 
natural  only  to  living  organisms  *  Wrom  the  standpoint  of  the 
chemist,  each  separate  link  does 'not,  of  oours© ,  constitute 
characteristic  peculiarity*  ©tore  is  nothing  unusual  in 
may  of  these  reactions,  that  differentiates  it  from  veil 
Icnown  organic  chemistry  reactions.  But  the  whole  in  tote 


- - 

acquires  as.  entirely  new,  specifically  characteristic 


aspect 


this  »ay  now  he  viewed  as  one  of  the  characteris¬ 
tic  ajaj.  specific  aspects  of  conversion  of  matter  in  lining 
organisms ,  i.e  •  as  one  of  the  charac fcsr aspic  and  specific 

aspects  of  metabolism* 

Special  attention  should  be  directed  toward 
another  aspect  that  characterises  the  coarse  of  chemical 
reactions  of  metabolism,  fhis  may  he  considered  to  he  the 
existence  of  the  phenomenon  of  autoregulation  in  the  course 
ef  a  whole  series  of  biochemical  conversions  $  including 
among  them,  mast  importantly,  those  that  are  the  key,  that 
play  a  leading  part  in  the  whole  metabolism  process  comp- 


Genarallly  accepted  is  the  assertion  that 
a  livis.it  organism  possesses  mechanisms  that  adapt  the 
metabolism  activity  to  the  existing  conditions  of  the  me¬ 
dium.  la  the  case  of  more  complex  organisms ,  of  course, 

Such  systems  as  the  nervous  system,  the  system  of  hormones 
play  an  enormous  role.  But  regulation  exists  also  in  lower 
ferns i  where  the  higher  regulating  systems  are  lacking, 
fkis  means  that  definite  regulatory  systems  exist  already 
is.  the  most*  primitive  stages*  We  have  a  right  to  assume  that 
these  primitive  regulatory  systems  have  been  Mfeserved 


ala©  in  the  higher  forms  of  the  organic  worlds  in  the  same 
way  sus  certain  general  and  elementary  catalytic  systems 
hare  traversed  the  entire  complex  of  the  organic  world* 

How  can  cells  adapt  the  rate  of  reactions 
to  changing  needs?  Of  courses  this  could  he  determined  by 
the  ratio  of  the  amount  of  ferment  to  that  of  the  substrate. 
Ok  the  other  hands  this,  eon, Id  also  he  determined  by 
a  change  ia  the  activity  of  the  ferments. 

First  of  a,!!*  it  is  important  to  establish 
what  is  actually  the  limiting  factor,  the  factor  that  sets 
the  rate-  ef  'the  reaction?  Could  the  amount  of  ferment  in 
tissues  be  such  a  factor  that  limits  the  reaction  rate? 

Oae  would  think  no.  A  report  at  the  Physiological  conference 
in  Kiev  in.  1855  gave  a  computation  of  the  amount  of  several 
ferments ,  for  which  data  were  availably  regarding  amounts 
contained  in  living  tissues.  The  molecular  activity  of  these 
ferments  is  knows.  Knowing  the  amount  of  ferments  and  ex¬ 
pressing  this  amount  in  moles,  it  is  possible  to  compute  the 
number  ef  moles  of  substrate  that  most  be  subjected  to  con¬ 
version  in  a  unit  of  time  by  the  given  amount  of  ferment. 
Such  calculations  were  made  for  all  ferments  for  which  the 
necessary  data  were  available.  It  was  found  that  the  power 
of  the  ferments  greatly  exceeds  the  actual  rat®  of  meta¬ 
bolic  processes  in  the  b ody*  Therefore*  the  amount  of  for*" 


is  a  limiting:  factor*  It  ia  poasibl# *  fe.-fcwewer* 
that  tho  activity  of  this  or  that  ferment  is  retarded  and 
that  it  does  not  work  with  ftsll  forces  in  this?  ease  it 
oonld  booome  &  limiting  f actor* 

*  y 

In  order  to  judge  the'  significance  of  this 
mechanism,  we,  unfortunately,  A©  not  possess  sufficient 
experimental  data  at  this  time.  In  any  event  we  can  state 
that  the  activity  of  the  ferment  has  heen  brought  to  a  level 
where  it  does  limit  this  process*  We  should  give  thought  to 
the  existence  of  another  factor,  of  another  participant 
©f  the  enssysie  reaction  that  Halts  its  rate  and  that 
can  thereby  play  the  part  of  a  regulator.  Such  a  factor 
could  be  the  amount  of  the  substrate*  Objections  are  possible 
to  the  effect  that  the  amount  of  substrate  in  the  cell 


usually  is  very  great,  and  that  the  substrate  cats.  in.  no  way 
determine  the  rate  of  a- biochemical  reaction.  We  are 
talking,  however,  not  of  initial  substrates,  not  of  matters 
such  as  glue ode ,  for  example,  we  are  talking  of  substrates 
that  play  a  paribin  the  intermediate  links  of  the  process 
of  metabolism*  Cells  contain,  of  course,  a  lot  of  glucose, 
fats,  etc.  The  question  is  raised'  of  the  intermediate  bends 
that  in  essence  compose  inner  metabolism*  In  such  cases 
we  have  the  right  to  state  that  it  is  precisely  the  content 
level  of  the  substrate  that  often  may  be  a  limiting  factor* 


If  liliEf/  w&ro  B-dtf  &tt  & c otiB?!  1  a "t i o b  erf 

!  raatter  would  occur.  In  the  mean  time  a  characteristic  aspect 

I  0f  Batafeclisa  is  the  fact  that,  a*  a  **le»  we  d®  not 
i 

observe  this  accumulation.  These  product#  disappear  as  ra¬ 
pidly  a#  they  are  accumulated.  They  are  always  present  in 
1  an  almost  indiscernible  amount.  It  is  natural  that  they 
|  gould  almost  always  be  a  limiting  factor* 

i 

1  Krebs  sad®  such  calculations,  and  they  showed 

j  that,  formexample,  the  average  duration  of  the  half life 
0f  the  separate  components  of  a  tricarboxylic  cycle  and, 
consequently,  the  average  life  duration  of  the  products  m 
final  disntegration  of  carbons,  entrained  into  this  cycle, 

\  i8  expressed  in  magnitudes  of  the  order  of  a  few  seconds* 
Uader  these  conditiens,  therefore,  an  extremely  small  ar^unt 
of  substrate  would  be  accumulated,  that  could  be  formed  by 
|  the  ferment  in  a  few  seconds.  The  addition  of  these  inter- 
mediate  products,  therefore,  speeds  the  process.  It  fellows 
I  from  this  that  in  the  given  instance ,  a#  in  a  series  of 
■  other  cases,  the  rate  of  the  metabolism  reaction  is  Halted 
bj  the  concentration  of  this  or  that  substrate*  This  in 
|  itself  is  already  one  of  the  specific  aspects  of  metabolism, 

that  v®  ts&s.H t  tj&he  ao ceun  v * 

In  ether  cases,  we  must  take  into  account  the 

1  existence  of  other  regulatory  mechanisms,  observed  xn  rcac“ 


tions*  where  the  rate  is  a  lane ties  of  other  factors  than 
the  ferment  and  the  substrate.  Such  reactions  are  factors 
that  determine'  by  theme® Ires  the  rate  ef  the  process  of  me¬ 
tabolism*  They  are  reactions  that  in  scientific  literature 
are  designated  by  the  term  "pacemaker*.  In  order  te  define 
aa©h  a  concept*  it  is  not  so  easy  to  find -.an  equivalent 
term  and  express  it  in  -a  signle  Russian  word.  They  are  re¬ 
actions  that  set  the  rate  of  corresponding  processes*  They  » 
mey  be  termed  tachoatatic  reactions*  i.e.  reactions  that  , 
determine  the  rate  of  a  metabolic  process* 

In  physiology*  it  ia  often  necessary 
deal  with  such  a  concept  ef  a  rate  regulator*  a  factor  res¬ 
ponsible  for  the  rate.  Thus*  for  example*  taking  the  case 
9f  the  activity  of  the  heart,  we  speak  ef  m  agent  that 
sets  the  rate  of  the  cardiac  rhythm*  We  encounter  this  con¬ 
cept  especially  in  the  realm  of  biochemical  reactions*, 
fhs  are  reactions  that  a  "bottleneck*  in  the  in  tensive 
course  of  the  process  of  metabolism*  It  is  perfectly  clear 
•that  the  total  rate  of  a  complex  -recess  cannot  he  greater 
th/Ssn  that  ef  the  slowest  bond*  In  the  case  ef  the  chain 
being  examined  here*  the  slowest  bond  constitutes  the  tacho- 
static  reaction. 

A  study  of  taebo static  reactions  that  are 
regulators  of  the  intensity  of  the  process  of  metabolism. 


•cm  encounter  the  existence  of  an  extremely  characteristic 
principle  «  the  principle  of  feedback* 

fhe  feedback  principle  has  been  adapted  frets, 
cybernetics*  It  nay  exist  in  installations  in  which  the 
controlled  process  in  its  course  creates  conditions 
unfavorable  to  its  continuation*  and  thereby  slews  down 
the  rat®  of  the  process* 

There  as*®  many  known  feedback  installations* 

An  ordinary  themes  tat  is  one  example .  Among  feedback 
are  such  processes*  that  may  ho  termed  regulating  or  taehe- 
static  reactions* 

The  feedback  principle  is  widely  observed  is 
biological  phenomena*  Take#  for  example  $  heat  regulations 
a  higher  temperature  causes  stimulation  of  heat  regulating 
centers  and  a  decreased  heat  production*  Partial  carbon 
dioxide  pressure  in  alveolar  air  stimulates  breathing  cen¬ 
ters*  and  brings  about  a  heightened  ventilation  of  lungs. 
All  these  are  classical  examples  of  feedback  mechanisms 
at  the  level  of  a  higher  organism* 

Of  great  importance  is  the  fact  that  we  deal 
with  such  feedback  systems  at  the'  simplest*  elementary  and 
primary  processes  of  metabolism*  This  must  be  viewed  as 
oao  of  the  essential  and  characteristic  features  of  metabo* 
11 am*  It  casts  its  reflection  en  its  entirety.  There  is 
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ewry  r’Ofts&ss.  to  bob  ixs.  'tb.6  f' umc'fex^iixis.g  ®f  i*s©d<h&ok  &b®  * 

the  principal  manifestations  of  the  specifies  ©f  metabolic 
processes  in  biolegical  objects* 

In  its  simplest*  uncomplicated  fora*  we 
observe  the  feedback  principle  even  at  the  level  of  ordi¬ 
nary  chemical  reactions*  in  the  for®  of  the  well  known  law 

in  the  case  of 

of  Le  Chatelier.  According  to  this  X aw ,/feedoaok  coemxcai 

processes  that  have  a  perceptible  heat  effect*  an  increase 

in  the  temper  stare  will  speed  up  the  end© thermal  reaction* 

i»e.  the  reaction  that  proceeds  with  an  absorption  of  heat* 

and  which >  therefore,  as  it  were,  counteracts  the  rise  in 

temperature*  And*  eoatr&rywise#  coaling*  i»e.  the  taking 

ms,j  of  heat,  speeds  np  the  exothermal  reaction  -  the  reaction 

that  is  accompanied  by  heat  formation* 

la  biological  processes  of  metabolism,  the 

auteregnlating  phenomena  are  not  accomplished  by  a  simple 

displacement  of  equilibria®  in  individual  feedback  chemical 

reactions*  but  arise  as  a  result  of  the  totality  of  the 

chemical  reactions*  eaoh  of  which  does  not  separately 

have  autoregnlating  properties,  but*  taken  together,  they 

fern  a  system  that  dieeleses  feedback  properties.  In  prin- 

sueh 

ciple,  it  is  possible  to  imagine/a  system*  artificially 
created*  from  a  combination  of  ordinary  chemical  reactions, 
There  are  bo  indications*  however  *  of  the  existence  of  sue,. 
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a  system  in  the  ina»imate  world*  we  therefore  have  the  right 


to  fte*  in  thorn  a  qualitative  pecul 
tor is tie  of  metabolism  reactions* 


iarity*  a  specific  cfe&roc-* 
that  taka  place  in  Mole** 


I  gle&l  objects* 

|  Tho  orderly  procedures  that  we  have  pointed 

I 

out,  already  have  attracted  the  attention  of  researchers* 
but  not  nearly  to  the  extent  that  would  see®  justified  by 

! 

thier  importance  in  principle,  since  in  this  case  we  are 
having  to  do  with  a  wideeoepe  phenomenon  of  general  imp  or**, 
tance ,  on®  that  lies  at  the  Base  of  the  fundamental  features 
of  the  chemistry  of  i  objects  in  the  living  world. 

Her©  we  cannot  become  involved  in  more  specia** 
Used  details  and,  of  necessity,  will  have  to  limit  our¬ 
selves  to  a  very  schematic  description  of  some  typical 
eansret®  examples.  The  first  example  has  to  do  with  a  com¬ 
pound  that  occupies  a  central  position  in  the  entire 
power  gen© rating s  functional  metabolism.  This  is  adenesin 
tri— phosphoric  acid  (ATF) •  It  serves  as  the  basic  and. 
spontaneous  source  of  energy  for  a  great  diversity  of 
biological  functions,  among  which  are  muscular  activity, 
the  realization  of  the  most  varied  biological  syntheses, 

|  emission  of  light  by  certain  organisms,  the  phenomena  of 

I  subdivision  of  cells  and  ethers.  The  decomposition  of  ATF 

I 

j  release®  energy  that  serves  as  the  motive  power  for  all 
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the  bus  Manifestation®  of  living  activity*  Here,  adenosis 
di-pfcesphoric  acid  (ABF)  is  formed,  and  a  mineral  phos¬ 
phate*  Is  tarn,  these  Materials  -  Mineral  phosphoric  sciu 
&nik  ABF  -  resynthesize  back  to  ATF-  as  a  re  salt  of  breathing 
®r  glueolysis*'  the  energy  of  which  !is  accumulated  ia  the 
phosphate  bonds  of  the  ATF*  This  may  be  aehematically  pre¬ 
sented  as  fellows i 


Biologies!--  Function 


ATF 


-ABF  4-  H,P0, 

4  A‘ 


breathing 
glueolysis 

The  sore  intensive  the  realization  of  'this  or 
that  biological  function,  the  Bore  does  ATF  decompose,  and 
the  Mere  JJ>P  and  mineral  phosphate  is  formed*  But  the 
fcreatbiB.i*;  and  glueolysis  processes*  in  their  torn,  require 
tbs  presence  of  the  Mineral  phosphate  and  of  AD# ,  that  servei 
as  the  acceptor  of  the  phosphate*  The  great  service 
performed  by  V*  A*  Belitaer  was  his  discovery  that  the  pre¬ 
sence  of  a  phosphate  acceptor  may,  under  certain  conditions, 
be  the  factor  that  determines  the  intensity  ef  breathing, 
i,e»  of  the  very  seme  factor  that  leads  to  the  &  i  a  a  p  - 
pearanoe  of  both  the  ABF  and  the'  phosphate  by 


means  of  the  so-called-  conjugate  oxidized  phosp 


Tlro.g,j  the  appear  anse  of  prol»tt  «*  ha  ©chemical 
eotver»t«B  (A3f)»  is  *  signal*  i®  information  isi  we 
start  ©f  &  process  leading  to  the  regenr&tica  of  the  initial 
substance  (ATP)*  as  a  result  of  the  removal  of  the  initially 
formed  products* 

the  autoregulation  principle  in  this  case 
is  manifested  with  great  clarity*  But  in  this  system  f*t 
another  autoregulatieu  precsss  appears t  the  mutual  interaction 
of  tv©  haste  energy  sources  of  the  cell  -  breathing  and 
fermentation  (glucolyais).  This  interaction  is  expressed 
in  the  damping  of  the  encrgyviss  little-effective  process 
of  glucolyais*  by  the  more  useful  energywise  process  of 
breathing.  One  of  the  mechanisms  of  this  "Pasteur  effect" 


ocald  be  the  competitive  struggle  for  the  phosphate  accepter* 
9hich  is  ABF*  There  are  reason®  to  believe  that  breathing 


is  ©ap&hl©  ©f  initially  taking 


©i 


tli  i 0  a©  ©ep  tar * 


atid  at  tfe©  poiist  where  the  ADF  ©ontfcftt  is  »©  sms  11  that  1% 
nets  as  a  limiting  faster*  there  is  no  loager  enough  ©f  it 


i 

I 


j 


I 

i 


! 


for  the  glucolytic  system  and  glueolysis  becomes  damped. 

Another  example  of  amtoregul ati on  *  of  the  auto¬ 
matic  dire ctien  of  the  process  in  one  of  the  two  possible 
channels*  la  among  reactions  connected  with  the  above-men¬ 
tioned  tri carbon  cycle.  Here  toe  we  witness  certain  elements 
of  the  feedback  mechanism.  We  are  teiifc  talking  about  the 


following:  among  the  compounds  that  occupy  key  position®  j 

in  processes  of  intermediate  metabolism*  is  acetic  acid.  { 

I 

\ 

Its  molecules  arc  formed  in  the  course  of  both  carbohydrate  j 

? 

mn,d  fatty  isetabftlism#  We  are  n©w  interested  in  two  forma 

j 

Of  conversion  of  acetic  acid,  of  acetate.  Leaving  aside  the  j 

pati'cipatien  of  coensymes,  we  see  that  acetate  may  parti**  j 

| 

e ip ate  in  twe” types  of  -  condensation  reactions*  Interacting  | 

\ 

with  one  of  the  bonds  of  the  tri carbon  cycle *  with  exala-  | 

I 

eetie  acid#  the  acetate  condenses  with  it  forming  citrate  j 

i 

i 

(lemon  acid).  It  is  thus  entrained  into  the  chain  of  reactions j 
of  this  cycle  *  and  is  finally  oxidised*  at  which  time  a  ■ 

molecule  of  oxalacetie  acid  is  again  regenrated.  This  mole** 
eule,  for  the  normal  coursing  of  the  cycle*  must  become  con¬ 
densed  with  the  new  acetate  molecule.  Such  is  the  course 
of  conversion  of  acetic  acid  in  the  breathing  process  ot 
tissue*  But  when  the  processes  of  metabolism  are  disturbed, 
another  type  of  reaction  may  take  places  acetic  acid  foe— 
cost®®  condensed  not  with  oxalacetie  acid  but  with  another 
molecule  of  the  same  acetic  acid,  forming  acetoacetic  acid* 

CH*  -  COO""  +  €001  -  CO  -  CH„*«  COOS  —  citrate 

CH.  -  €00“  +  CEL  -  COOH  *  GIL  -  €0  -  CEL  -  COOH  (acetoacetate) 
3  d  a  ■  & 


Under  conditions'  of  normal  intensity  of 
oxidation  processes,  a  sufficient  amount  of  oxalacetie  acid _ 
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is  formed  to  enable  all  of  the  acetic  acid*  formed  in  the 
decomposition  of  fats  and  carbohydrates  to  combine  with  it 
sad  be  entrained  into  the  tri carbon  cycle.  This  prevents 


the  formation  ©f  aoetoaectate,  ensures  the  course  of  ©11 

*  > 

J 

links  in  the  cycle  chain  and  creates  conditions  favorable 
to  the  entrainment  of  new  acetate  molecules  along  the  same 
course.  But  as  soon  as  one  of  the  links  in  the  cycle  is 
disturbed,  even  if.  it  happens,  to  be  far  removed  ‘from  the 
point  of  actual  entrainment  of  the  acetic  acid,  and  the 
signal  of  this  fact,  according  'to  the  feedback  principle » 
in  the  form  of  the  aonformation  of  oral aoe .tic  acid,  reaches 
the  eneyme  systems,  that  normally  accomplish  the  condense* 


tien  of  the  latter  vith  acetate,  and  'instead  of  the  formation 
of  citrate  as  a  bond  in  the  tri carbon  cycle,  the  acetate 
molecules  will  now  condense  vith  each  other,  forming 


acetcacetic  acid.  Thus ,  the  conceKtis&txoB  of  oral  ace  tin 
acid  -  one  of  the  links  in  the  catalytic  tri carbon 
oyele  *  determines  the  fate  of  the  acetic  acid.*  If  this 
concentration  is  sufficiently  high,  the  condensation 
occurs  vith  it,  citrate  is  formed  and  the  course  of  the  cycle 
continues.  If,  however,  the  oval ace tic.  acid  is  absent,  then 


a  relatively  stable  acetoacetate  is  forasedu 

This  example  is  significant  also  because  it 
brings  out  yet  another  important  specific  aspect  of  bio-* 
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chemical  reactions.  We  see  here  that  the  fate  of  th® 
e%l®,  that  participates  in  the  proceosea  of  metabolism, 
is  decided  at  the  ©reSsroeds  of  two  pofcsi&Ae  farther 
courses  of  ©f  conversion*.  The  fate  of  chemical  compound* 
ixt  a  living  object  i*  decided  at  chemical  crossroads,  in 
the  example  that  feaa  been  given,  the  fate  of  the  aeeti©  acid 


molecule  was  decided  at  the  crossroads*  represented  in  this 
e®8@  by  two  types  of  condensation  reactions.  The  concentra¬ 
tion  of  oxal acetic  acid  here  serves  as  a  regulating  a at ter, 


that  determines  which  ef  the  two  roads  will  he  chosen. 

Such  a  metaholism  crossroads,  at  which  the  fate  of 
the  hexes e  molecule  is  decided  -  whethervit  will  he  subjected 
to  oxidation  or  to  fermentation  -  lice  at  xhe  level  ®f 


phosphoric  hexose  es there i  the  compounding  of  the  eecen 
leftover  of  phosphoric  acid  directs  the  molecule  in  the 


direction  of  anaerobic  decomposition,  while 

oxidation 

hydrogen  predetermines  the  farther/ course  of 


tbs  removal  ef 
the  decompo¬ 


sition. 

Such  central  points  as  the  chemical  crossroads 
for  products  of  intermediate  metabolism  are  of  especial  signi¬ 
ficance*  We  may  view  their  existence  also  as  one  of  the  aspec 
I  ef  the  specifics  of  the  processes  of  metabolism*  it  would 
appear  that  it  is  precisely  these  points  that  in  wmy  oases 
have  the  nature  of  tacbostatic  reactions  -  reset-xons  %h&% 


? 


get  th«  pace  of  bio sites! cel  processes  dismissed  above. 

Mt&  it  is  St  the  level  of  these  points  that  the  influences 
based  on  the  principle  of  feedback  most  probably  occur* 
influences  that  are  such  a  powerful  factor  in  the  auxore fil¬ 
iation  of  the  chemistry  of  living  things.  There  is  every 
reason  to  believe  that  the  great  majority  of  external 
factors,  in  particular*  poisons,  medicinal  preparations,  - 
exert'  their  action  precisely  on  the  central  points*  a*  tiie 
crossroads,  where  the  mechanisms  of  the  type  of  feedback 
operate* 

It  is  remarkable  that  the  feedback  principle, 
the  principle  of  autoregulation  and  *self tuning*,  is  ®a»*“ 
Tested  at  the  molecular-biological  level  in  a  virtually 


hoaoire&Ottd  system*  ' 


where  bo  physical#  or  structural  factor &» 


n®  arrangemeAts  or  mechanisms  paticipate.  It  would  net  be 

r 

an  exaggeration  to  state  that  the  discovery  of  the  specific 
chemical  aspects  of  metabolism  examined  above,  is  one  •* 
the  most  essential  ahievements  in  the  molecular  biology 
of  recent  years* 

the  value  of 

It  seems  is  me  that/the  feedback  principle 
is  ns t  sufficiently  recognised.  At  the  same  time  *t  *.* 
de-serving  of  especially  serious  attention  in  terms  of 
its  value  in  principle,  and  as  an  object  ©f  further  experi¬ 
mental  studies.  ’  ekD 
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